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1.0 Introduction

This preliminary data report presents the field data collected by IT Corporation (IT) between

September 4 and November 14, 1996, as part of the implementation of the Corrective Action

Investigation Plan (CAIP) for the Project Shoal Area, CAU No. 416 (PSA) (DOE/NV, 1996a). 

The CAIP is part of an ongoing U.S. Department of Energy (DOE)-funded project for the

investigation of Corrective Action Units (CAU) No. 416 surface and No. 447 subsurface, PSA. 

All work conducted on this project was conducted in accordance with the Federal Facility

Agreement and Consent Order (FFACO) of 1996, the Resource Conservation and Recovery Act

Industrial Sites Quality Assurance Plan (DOE, 1994) and all applicable Nevada Division of

Environmental Protection (NDEP) policies and regulations (NDEP, 1992).

The PSA covers 10.36 square kilometers (4.0 square miles) and is located in northwestern

Nevada approximately 48.28 kilometers (30.0 miles) southeast of the town of Fallon, in the

northern portion of the Sand Springs Range in Churchill County, Nevada (Figure 1-1).  The PSA

was active during the early to mid-1960s as the site of a single underground nuclear test,

Project Shoal.  The test was conducted to determine whether seismic waves produced from an

underground nuclear test could be differentiated from those resulting from earthquakes.

1.1 Purpose
The purpose of this field investigation was to investigate surface and subsurface areas possibly

contaminated by the Project Shoal Nuclear Test and associated activities.  The purpose of the

surface investigation was to determine if drilling materials contained within the PSA mud pit were

contaminated and, if so, to determine the nature and extent of contamination.  The results of this

surface investigation would be used to develop an appropriate corrective action for CAU

No. 416.

  

The purpose of the subsurface investigation was to collect aquifer and groundwater data to aid in

the modeling of groundwater flow and contaminant transport.  The resulting model will be used to

establish the boundary for CAU No. 447.
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1.2 Scope of Work
The scope of the surface investigation included soil sampling from the mud pit and surrounding

area.  Twelve soil borings were advanced within the mud pit; three soil borings were advanced

upgradient; and three were advanced downgradient of the mud pit.  Discrete soil samples were

obtained from individual borings to characterize mud pit material, natural soils, and bedrock

below and proximal to the mud pit.

 

The scope of the subsurface investigation included constructing drill pads and lined fluid storage

sumps for drilling, drilling four groundwater monitoring wells to depths in excess of

396.24 meters (m) (1,300 feet [ft]) below ground surface (bgs), collecting hydrologic data during

drilling, regularly monitoring discharged drilling effluent for radionuculides, conducting downhole

geophysical logging of the open boreholes, casing the boreholes above the potentiometric surface,

developing the wells, and collecting groundwater samples from the developed wells.  Upon

completing drilling and casing operations, water levels were monitored to determine recovery

rates and the static water level of each well.
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2.0 Surface Investigation CAU No. 416

The Shoal Mud Pit, Corrective Action Site (CAS) Number 57-09-01, is located due east of

surface ground zero in a shallow canyon with an earthen dam at the southern end (Figure 2-1). 

The Shoal Mud Pit was constructed to hold fluids and cuttings from the Post Shot (PS)-1 vertical

borehole that was drilled into the Shoal test cavity in October 1963.  Since PS-1 was drilled using

bentonite drilling mud, air, and air-mist, the primary constituents of concern in the mud pit are

possible radiological contaminants from the Shoal test cavity.  Some details of the Shoal test are

still classified; however, the known nonclassified radiological contaminants of concern are tritium,

strontium , and cesium .  Short-lived gaseous radioisotopes of iodine , xenon  (Xe ), and90 137 131 133m 133m

Xe , encountered during the drilling of the post shot, have decayed to below detection limits. 133

These radioisotopes were not detected in the samples colleted during the September 1996

sampling event.

Please note that Figures 2-1 to 2-37 and Tables 2-1 to 2-3, cited in the following text, are located

at the end of this section. 

2.1 Purpose
The purpose of sampling the Project Shoal Area mud pit was to evaluate potential contamination

and to determine the vertical and horizontal extent of the mud pit.  Eighteen locations were

sampled in and around the mud pit by the direct-push method (Figure 2-2).

2.2 Scope of Work
The mud pit characterization activity was conducted from September 5 through 8, 1996, and

September 15 and 16, 1996.  Gregg Drilling Company of Signal Hill, California, was

subcontracted to do the direct-push borings, under the direction of IT.

Before sampling the mud pit, a control point was established at the approximate middle of the

earthen dam, and sample locations were measured out in a 6.10-m (20.0-ft) grid pattern within the

mud pit.  A total of ten soil borings (DP-1 to DP-9, and DP-18) were taken to characterize the

mud pit.  Three soil borings (DP-12, DP-13, and DP-14) were taken downgradient on the south

side of the earthen dam; three (DP-15, DP-16, and DP-17) were taken from approximately

152.40-m (500.0-ft) upgradient in the canyon; and one boring each was taken from outside the

east (DP-10) and west (DP-11) edges of the mud pit (Figure 2-2).
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Soil borings were completed using direct-push techniques.  This method incorporates a hydraulic

percussion hammer which drives a 0.61-m (2.0-ft) long sampling rod to the required depth.  The

rod is hollow with four 15.24-centimeter (cm) (6.0-inch [in.]) long, 2.54-cm (1.0-in.) diameter,

stainless steel sampling sleeves.  The soil is forced into the sleeves as the hammer drives the

sampler into the ground.  When the sampling sleeves were removed from the drive rod, the ends

of each 15.24-cm (6.0-in.) long sleeve were inspected and logged by the IT site geologist.  A cap

was placed on each end of the sampling sleeve until the boring was completed and the soil in the

sleeves could be composited for sampling.  After the soil was composited, it was placed in the

sample jars, labeled, and placed on ice.  Samples were handled according to ITLV Standard

Quality Practices (IT, 1996). 

A composite sample was collected from all material recovered from each direct-push sampling

location.  In order to obtain adequate sample volume, it was necessary to advance more than one

boring at a location; the additional borings were done within a 30.5-cm (1.0-ft) radius of the initial

boring.  The sample sleeves were only 2.54 cm (1.0 in.) in diameter, and the maximum push depth

was less than 1.22 m (4.0-ft).  

The soil borings revealed that the mud pit has a maximum thickness of 0.61 m (2.0 ft) in the

center and thins towards the edges.  The direct-push sampling rod was usually refused when the

granite bedrock was encountered at a depth of generally less than 1.22-m (4.0-ft) below the mud

pit’s surface.  There was no obvious contact between the mud pit floor and the native soil.  Mud

pit material was distinguished from the background soil based on a change in grain size and

material color.  Where samples were required to analyze the soil below the mud pit, a composite

sample was collected from the deepest sample sleeves that contained only native soil and no mud

pit material.  Soil boring logs for direct-push borings DP-1 through DP-18 are illustrated in

Figures 2-20 through 2-37.  Figure 2-3 is a plan view of the mud pit showing sampling locations,

and Figures 2-4 through 2-7 are cross sections of the mud pit.

Shallow mud pit samples DP-1, DP-3, DP-4, DP-6, DP-7, DP-9, and DP-18 were analyzed for

gross alpha, gross beta, total barium, total chromium, tritium, gamma spectroscopy, and Total

Petroleum Hydrocarbon (TPH) diesel.  Deep mud pit samples (DP-1, DP-5, DP-7, DP-9, and

DP-18) were analyzed for gross alpha, gross beta, tritium, and gamma spectroscopy.  Soil boring

locations DP-2, DP-5, and DP-8 were waste management samples and were analyzed for gross

alpha, gross beta, Toxicity Characteristic Leaching Procedure (TCLP) metals, tritium, gamma

spectroscopy, TPH diesel, TCLP semivolatile organic compounds (SVOCs), and TCLP volatile

organic compounds (VOCs).  Direct-push borings (DP-10 and DP-11), which are adjacent to the
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mud pit, and downgradient borings (DP-12 to DP-14) were analyzed for gross alpha, gross beta,

tritium, and gamma spectroscopy.  Soil borings DP-15 to DP-17, upgradient, were analyzed for

gross alpha, gross beta, total barium, total chromium, and gamma spectroscopy.  The following

quality control (QC) samples were collected: field duplicates, matrix spike/matrix spike

duplicates, field blanks, trip blanks, and equipment decontamination rinsate samples.  

Upon completing sampling, Bell and Associates, Land Surveyors, of Fallon, Nevada, were

contacted to survey each direct-push boring location.  These survey points were established in

Nevada State Plane, North American Datum 1927, coordinates.  

2.3 Summary of Results
A total of ten shallow soil samples were collected from within the PSA mud pit boundaries. 

Seven of these samples were analyzed for TPH (diesel fraction and waste oil fraction), total

barium, and total chromium.  The remaining three samples were analyzed for TPH (diesel fraction

and waste oil fraction), TCLP-extractable VOCs, TCLP-extractable SVOCs, and TCLP-

extractable metals.  These latter three samples were collected for waste management purposes. 

Table 2-1 summarizes the sample number, the direct-push boring number, and the depth. 

Table 2-2 contains the sample results from the borings.  Figures 2-8 to 2-19 are sample location

maps with the concentration of various analytical constituents displayed.  Mud Pit QC Analytical

Data shows results of the quality control samples.  Analytical results for volatile organic

compounds for the trip blank samples were all nondetects.

The preliminary action levels for TPH, total barium, and total chromium established in the CAIP

(Section 3.5.1) are as follows:

• TPH - 100 milligrams per kilogram (mg/kg), which is the NDEP regulatory action level
for TPH.

• Total barium - 4,000 mg/kg, which is the draft 40 Code of Federal Regulations (CFR)
264 Subpart S recommended action level for barium.

• Total chromium - 400 mg/kg, which is the draft 40 CFR 264 Subpart S recommended
action level for hexavalent chromium.  Although hexavalent chromium is not expected to
be present in the mud pit soils, there are no Subpart S recommended values for total
chromium or trivalent chromium when direct contact is the principal exposure pathway;
therefore, the hexavalent chromium value is being used as a conservative action level.

• Waste Characterization Samples - The three (3) waste characterization samples were
compared to 40 CFR 261.26 toxicity characteristics for classifying hazardous wastes.
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The analysis for TPH found waste oil in several samples above the State regulatory limit of 

100 mg/kg, while TPH diesel was found above this limit in only two samples (see Table 2-2).

However, the total barium and total chromium levels are well below the proposed Subpart S

action levels.  None of the analyses for the radiological parameters showed levels above expected

background.  In addition, the waste characterization sample analyses show that the material is not

a hazardous waste.

2.4 Estimated Volume of Pit Material
The estimated volume of material in the mud pit is approximately 116.21 cubic meters

(4,104 cubic feet).  The volume was estimated by averaging the depth of the mud pit, 1.52 ft

(as encountered in the borings), and multiplying by 2,700 square feet, the estimated surface area

of the mud pit.  Refer to Figures 2-3 to 2-7 as they illustrate the approximate subsurface extent of

the impoundment and the irregular basal contour.  
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3.0 Subsurface Investigations CAU No. 447

Groundwater contamination at PSA is associated with the installation and detonation of the Shoal

nuclear test device.  The purpose of the PSA subsurface investigation was to provide input to a

groundwater model and to determine if contamination exists within groundwater proximal and/or 

downgradient of the Shoal test.

 

Subsurface investigations included the drilling and completion of four groundwater monitoring

wells in the area of the Project Shoal underground nuclear test.  The wells were drilled to depths

approximately 396.24 m (1,300 ft) below the ground surface.  Four principal locations and one

alternate location were identified.  Drilling pads and associated sumps were constructed at all five

locations to support drilling of the wells.  Due to uncertainty regarding the local groundwater

gradient, the alternative site (HC-3 alt) was prepared on the western edge of the PSA in case the

gradient determined from the first wells was in the western direction.  Figure 3-1 depicts the well

site locations. 

3.1 Scope of Work
The work scope for the subsurface investigation included the drilling of a 20-cm (8.0-in.) borehole

using air rotary reverse circulation methods to depths sufficient to obtain approximately 91.4 m

(300 ft) of saturated rock in the borehole below the static water level.  As drilling advanced,

hydrogeologic data were collected to determine pertinent hydrogeologic conditions.  In addition

to a program of regularly monitoring drill cuttings and fluid for lithologic and hydrologic

characteristics, drilling effluent was collected to determine if radionuculides from the Shoal test

were present.  Well development followed the completion of drilling to attempt to remove

drilling-related fluids from the well.  

Upon completion of drilling and well development, a suite of downhole geophysical logs was run

to further determine hydrogeologic conditions in the wells.  The wells were then completed by

installing 14-cm (5.5-in.) steel casing to a point just above the expected static water level.  The

casing was landed at the surface and left suspended in the well without being grouted.

3.2 Drill Site and Sump Construction
Five drill site locations were prepared to facilitate the installation of the PSA monitoring wells.

Surface construction of the drill pads and sumps was conducted by Meissner Services of

Lovelock, Nevada, a subcontractor under the direct supervision of the IT Corporation site
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manager.  Installation of liner materials in the excavated storage sumps was completed by

IT Corporation personnel.

The drilling locations consisted of level earthen pads of cut and fill construction, measuring

45.7 m (150 ft) in length and 45.7 m (150 ft) in width.  Two sumps were excavated within the pad

area as specified in the Fluid Management Plan (FMP) for the Project Shoal Area Offsites

Subproject (DOE/NV, 1996c).  Sump No. 1 was constructed with a surface dimension of

approximately 50 ft x 50 ft and 2:1 sloping walls to a depth of 6.0 ft.  Sump No. 2 was

constructed with a surface dimension of 40 ft x 40 ft and 2:1 sloping walls to a depth of 6 ft. 

As specified in the FMP (DOE/NV, 1996c), sump liners were installed in each of the excavated

sumps.  The sumps were constructed and lined in two configurations.  A single 36-mil (.036-in.)

Hypalon liner was installed in one of the sumps to provide for storage of uncontaminated fluids

and cuttings, and two 36-mil (.036-in.) liners separated by 200-mil (.200-in.) geonet were

installed with a leak detection system in the second sump.  Liners were all installed on

0.34 kilogram (12-ounce) Geotextile material to prevent puncture from earthen materials within

the excavated sump.  

3.3 Summary of Monitoring Well Drilling and Completion Operations
Drilling of monitoring wells at the PSA commenced on September 9, 1996, and was completed on

November 13, 1996.  Forty-one days were spent drilling and completing the wells.  Operations

were conducted 7 days per week, 24 hours per day for the term of the project.  Several short

breaks (2 to 3 days) were taken due to unplanned equipment breakdowns and to give the staff a

break. 

 

The four monitoring wells were drilled in the following order:  HC-1, HC-2, HC-4, and HC-3. All

wells were drilled to approximately 396.2 m (1,300 ft) bgs.  The total drilled footage for the

project was 1,600.8 m (5,252 ft).  Well Site HC-3 was used instead of Alternative 3 because the

results obtained from the installation of Wells HC-1, HC-2, and HC-4 indicated that the

potentiometric surface dipped to the east.  All drilling was conducted using air rotary reverse

circulation methods.  Wells were completed by installing threaded and coupled 14-cm (5.5-in.)

carbon steel casing to a point just above the static water table.  The casing was not cemented in

place to facilitate later removal or repositioning based on modification of scientific objectives or

changes in static water levels within the wells.  Well HC-1 was originally drilled and completed to

a depth of 323.1 m (1,060 ft); however, it was later reentered, drilled, and completed to a depth

of 409.35 m (1,343 ft) because of falling water levels within the well.
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The groundwater flow gradient was interpreted based on water levels obtained from the four

wells installed in the subsurface investigation.  The flow gradient is apparently in an east-

southeast direction as depicted in Figures 3-2 and 3-3.

Regular monitoring of drilling effluent for tritium and other radionuculides was conducted on all

of the wells during drilling and development.  No indications of radiation above background levels

were noted. 

 

Drilling and well completions were conducted by Beylik Drilling of North Highlands, California. 

Borehole geophysical logging was conducted by Century Geophysical Corporation of Tulsa,

Oklahoma, and borehole video logs and additional geophysical logging were conducted by the

Desert Research Institute (DRI).  Beylik Drilling and Century Geophysical Corporation were both

direct subcontractors to IT.  Well drilling, construction, and geophysical logging operations were

directly supervised by IT.
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4.0 Well HC-1 Summary of Operations 

Well HC-1 was initially drilled to a depth of 323.09 m (1,060.0 feet) between

September 26, 1996, and October 2, 1996, and then reentered on October 25, 1996, and

advanced to a depth of 409.35 m (1,343.0 ft).  The final completion of the well occurred on

October 28, 1996.  A total of 13 days, including both phases, was spent drilling and completing

this well.  Figure 4-1 is a summary of the drilling parameters for the well.  Note that Figures 4-1

through 4-10 and Tables 4-1 through 4-5, cited in the following text, are located at the end of this

section.

Prior to mobilization, all drilling equipment was decontaminated at the on-site decontamination

pad using a combination of steam cleaning and high pressure washing.  Decontaminated

equipment was subjected to a final radiologic screening prior to movement to the drill site.

Initial drilling of Well HC-1 commenced on September 26, 1996.  A 30.48-cm (12.0-in.) hole was

drilled to a depth of 31.00 m (101.7 ft).  A 21.90-cm (8.625-in.) conductor casing was installed in

the borehole and cemented in place.  The main hole of the well was advanced using an 20.3-cm

(8.0-in.) downhole percussion hammer and air rotary reverse circulation drilling techniques to an

initial total depth (TD) of 323.09 m (1,060.0 ft).

The initial depth of Well HC-1 was determined from where water was first encountered during

drilling and then compared to historic water levels from nearby wells.  Given this information, it

was decided the well would provide adequate open borehole below the estimated water level for

later scientific investigations to be conducted by DRI.

 

Due to unstable, sloughing borehole conditions, the well could not be developed/cleaned using

reverse circulation drilling techniques.  The drilling configuration was then changed to

conventional direct circulation, and the well was developed.  Foam drilling additives were used

initially to establish circulation.  The well was then completed by installing 13.97-cm (5.5-in.)

carbon steel casing to a depth of 291.51 m (956.4 ft) and landing the casing in suspension from a

landing plate mounted on the surface casing.
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Water-level monitoring, conducted by DRI and IT after completion of the well, indicated that

water levels within the well were consistently falling with time.  These water levels indicated that

the well was not drilled to a depth suitable for scientific study of the saturated portions of the

well. 

After approval by the DOE, the 13.97-cm (5.5-in.) intermediate casing was pulled from HC-1,

and the well was reentered with a 20.00-cm (7.875-in.) percussion hammer.  The bottom of the

hole was drilled using air rotary reverse circulation drilling techniques and advanced to a depth of

409.35 m (1,343.0 ft).  The hole began to slough in at this point, and additional time was spent

working to extract the drill pipe from the hole.  After pulling the 20.00-cm (7.875-in.) drilling

assembly from the hole, a depth check was made to determine the TD of the well.  It was

determined that the well had sloughed in to a depth of 406.91 m (1,335.0 ft).

Intermediate casing (13.97 cm [5.5 in.]) was then re-installed in the well to 333.70 m (1,094.8 ft)

bgs.  After landing the casing, the hole was reentered with a 11.75-cm (4.625-in.) tricone button

bit, again using reverse circulation in an effort to clean the hole out to the total drilled depth of the

well (409.35 m [1,343.0 ft]).  The well was circulated and cleaned to the bottom, and the final

depth of the well was 403.80 m (1,324.8 ft).  The drilling assembly was then pulled from the

borehole, and the drilling equipment was rigged down for decontamination and mobilization to

HC-2.

4.1 Well HC-1 Geology
Well HC-1 encountered a fractured, coarse-grained biotite granite throughout the drilled interval. 

Several, thin, 3- to 6-m (10- to 20-ft) intrusive dikes of Tertiary-aged andesite were noted

between 274.93 and 281.33 m (902.0 and 923.0 ft).  The andesite dikes were localized along

steep fault and fracture zones within the granite.  These andesite filled fracture/fault zones were

primarily responsible for borehole sloughing and unstable drilling conditions.  Descriptions of the

lithologies that were encountered are provided as Figure 4-2.

4.2 Well HC-1 Hydrology 
Several elements of hydrologic importance were monitored during and after completion of the

well.  During drilling, two parameters were consistently compared:  the volume of drilling fluid

(water) injected to facilitate drilling and the volume of fluid produced as discharge to the surface. 

Figure 4-3 illustrates the relationship between injected drilling fluids and drilling fluid produced at

the surface.  
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In addition to volumetric measurements, all drilling fluids injected into the borehole were tagged

with a tracer solution of Lithium Bromide (LiBr).  The concentration of LiBr in solution was

monitored on a regular basis to estimate groundwater production within the borehole.  Table 4-1

illustrates LiBr concentrations noted in produced fluids.

Water production from the well was minimal; monitoring data and water level recovery data

suggests the well was capable of producing approximately 2.8 to 3.8 liters per minute (L/min)

(0.75 to 1.0 gallons per minute [gpm]).  During several instances, the well was capable of

intermittent production on the order of 11.4-18.9 L/min (3.0 to 5.0 gpm).  These readings suggest

production from perched water zones along fault or fracture zones.  These zones were of limited

impact as their storage capacity was exhausted, and in turn, their contribution to the well

decreased.

Water-level monitoring was conducted during the construction of the well and continued after

completion using transducers set by DRI.  Table 4-2 provides water levels obtained for the term

of IT involvement in PSA field work.

4.3 Well HC-1 Geophysical Surveys
Upon completion of drilling to the initial TD of 323.09 m (1,060.0 ft) and after well development,

a suite of downhole geophysical surveys was run within the borehole.  Upon reentering the well

and deepening the borehole, a second phase of geophysical logging occurred to capture

geophysical data from the deepened interval 323.09 to 409.35 m (1,060.0 to 1,343.0 ft).  Due to

the instability of the borehole, it was necessary to install casing across an interval not logged in

the first logging session; in turn, certain intervals of the borehole were not available for logging.

Deviation surveys were also conducted within the borehole and indicated the borehole was

deviated 14.2 degrees from vertical in a west-southwest direction.  The deviation of the hole

placed the bottom of the hole 79.68 m (261.4 ft) west-southwest of the collar and resulted in a

true vertical depth of 394.68 m (1,294.87 ft) bgs.

Table 4-3 provides a summary of the geophysical logs run for the well.  Figures 4-4 to 4-7

provide a condensed illustration of log traces for HC-1.
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4.4 Well HC-1 Radiologic Monitoring
Monitoring of discharge effluent from drilling was conducted as specified in the Project Shoal

Site-Specific Health and Safety Plan (SSHASP) (DOE/NV, 1996b) and the FMP for the Project

Shoal Area Offsite Subproject (DOE/NV, 1996c).  Regular radiological monitoring of discharged

drilling effluents, including both fluids and solids, was conducted by Bechtel Nevada radiation control

technicians.

 

Samples were screened using hand-held instruments at the time of collection.  Effluents were further

analyzed for tritium and other radionuculides using on-site laboratory monitoring equipment.  Tritium

activities from fluid and swiped samples were recorded using a Packard Liquid Scintillation

instrument.  Other radionuculides were analyzed using Canberra gamma spectroscopy instrumentation.

Based on field monitoring, Well HC-1 effluents were found to contain natural background levels of

tritium and all other radionuculides.  Figure 4-8 provides a profile of tritium encountered in the well.

 

4.5 Well HC-1 Well Construction
Well HC-1 drilling operations commenced on September 26, 1996.  A 30.48-cm (12.0-in.) surface

hole was drilled to a depth of 31.00 m (101.7 ft) bgs using a downhole percussion hammer and air

rotary reverse circulation drilling techniques.  The 21.91-cm (8.625-in.) surface conductor casing was

then set and cemented in place using Type II neat cement with an additive of 2 percent calcium

chloride.  An 20.32-cm (8.0-in.) hole was advanced below the surface conductor casing using

20.32 cm (8.0-in.) downhole percussion hammer and reverse circulation to a final depth of 409.34 m

(1,343.0 ft) bgs.  Intermediate casing consisting of 13.97-cm (5.5-in.) carbon steel was installed in the

well upon completion of main hole drilling.  Casing was set to a depth of 333.45 m (1,094.0 ft) and

suspended at that point from a landing clamp secured to the surface conductor casing.  No centralizers

or cementing baskets were placed on the 13.97-cm (5.5-in.) casing string due to unstable borehole

conditions.  Figure 4-9 illustrates the final subsurface well completion, and the surface completion of

HC-1 is presented on Figure 4-10.

4.6 Well HC-1 Sampling
Samples for analytical analysis were collected from fluids and cuttings as specified in the Field

Instructions for Project Shoal Area Surface and Subsurface Investigation, Churchill County, Nevada

(IT, 1996) and the FMP for the Project Shoal Area Offsites Subproject (DOE/NV, 1996c).  The

sample type and analytical results from these samples are shown in Tables 4-4 and 4-5.
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5.0 Well HC-2 Summary of Operations 

Well HC-2 was drilled to a depth of 397.15 m (1,303.0 ft) between October 5, 1996, and

October 15, 1996.  A total of eight days was spent drilling and completing installation of this well. 

Note that Figures 5-1 through 5-10 and Tables 5-1 through 5-5, cited in the following text, are

located at the end of this section.

Prior to mobilization, all drilling equipment was decontaminated at the on-site decontamination

pad using a combination of steam cleaning and high pressure washing.  Decontaminated

equipment was subjected to a radiological screening prior to movement to the drill site.

A 30.48-cm (12.0-in.) surface conductor casing hole was drilled using air rotary reverse

circulation and a downhole percussion hammer to a depth of approximately 13.72 m (45.0 ft). 

Due to its deviated condition, this hole was abandoned and cemented to the surface.  A second

30.48-cm (12.0-in.) conductor hole was drilled approximately 3.05 m (10.0 ft) east of the first

location and successfully completed to a depth of 31.0 m (101.7 ft) bgs.  A 21.91-cm (8.625-in.)

conductor casing was installed within the hole and cemented with Type II cement with 2 percent

calcium chloride additive from the TD of the hole to the ground surface.

The main hole was drilled to a depth of approximately 76.20 m (250.0 ft) bgs using a 20.32-cm

(8.0-in.) downhole percussion hammer assembly and air rotary reverse circulation drilling

techniques.  Upon initial drilling of the main hole, the drilling subcontractor, Belik Drilling,

developed problems with the rig-mounted air compressor.  Operations were suspended for

approximately one day to repair the air compressor.  Repairs to the primary rig compressor could

not be completed, and a portable compressor was delivered to the site to supply air for drilling. 

This compressor developed a severe oil leak after several hours of operation, and site operations

were again suspended for a period of five days between October 9, 1996, and October 14, 1996,

to allow for repair of the air compressors and other malfunctioning equipment associated with the

drilling. 

On October 14, 1996, drilling operations resumed on the HC-2 drill site.  Drilling proceeded at a

steady rate to a TD of 397.15 m (1,303.0 ft) bgs.  Figure 5-1 provides a summary of drilling

parameters for the well.  All figures and tables cited in the text are located at the end of this

section.
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Well development using reverse circulation techniques was conducted on October 16, 1996,

following the drilling of the well.  Upon completion of well development, drill pipe was pulled

from the well to allow for geophysical logging operations.  The geophysical logging

subcontractor, Century Geophysical, was unable to reach the TD of the well due to an obstruction

in the borehole at a depth of 267.61 m (878.0 ft) bgs.  The 20.32-cm (8.0-in.) drilling assembly

with a tricone button bit was tripped back in the hole to clear the obstruction and to clean the hole

to the TD of the well.  Unstable, sloughing borehole conditions resulted in obstructions occurring

at depths of 231.65, 319.43, and 347.47 m (760.0, 1,048.0, and 1,140.0 ft) bgs.  Two separate

attempts were required to clear and clean the borehole in preparation for geophysical logging. 

Prior to logging, a sinker bar was run into the hole to establish whether any blockages had

developed.  The sinker bar was unable to pass below a depth of 268.22 m (880.0 ft) bgs.  It was

determined that geophysical logging of the available open borehole should be conducted.  Century

Geophysical and DRI completed the logging of the well to the obstructed depth of 268.22 m

(880.0 ft) on October 18, 1996.

Intermediate (13.97-cm [5.5-in.]) casing was installed in the well to a depth of 291.69 m (957 ft)

bgs upon completion of geophysical logging operations.  The intermediate casing needed to be

drilled down through obstructed portions of the borehole at approximately 268.22 m (880.0 ft).

The hole was then reentered using reverse circulation drilling techniques and an 11.75-cm

(4.625-in.) tricone bit to clean out the obstructed borehole below the final casing point.  The hole

was cleaned and conditioned to a depth of 396.24 m (1,300.0 ft),  at which point the drill pipe was

pulled from the hole in preparation for geophysical logging operations. 

Geophysical logging was then conducted to a depth of 373.08 m (1,224.0 ft) bgs, at which point

the borehole was once again obstructed.  The water level in the well at this time was noted at

343.77 m (1,127.85 ft) bgs.  It was then determined by DRI that the well provided an interval of

36.57 m (120 ft) between 336.16 to 372.77 m (1,102.9 to 1,223.0 ft) of open borehole within the

saturated zone, which was determined to be sufficient to facilitate the planned scientific studies.

5.1 Well HC-2 Geology
Well HC-2 encountered principally a fractured, coarse-grained, biotite granite of Cretaceous age

throughout the drilled interval.  An intrusive aplite dike was noted in the interval between 137.16

and 152.40 m (450 and 500 ft).  Significant fault/fracture zones were apparent in the approximate

intervals between 134.11 to 152.40 m (440.0 to 500.0 ft), 176.78 to 192.02 m (580.0 to 630.0 ft),

252.98 to 257.56 m (830.0 to 845.0 ft), and 335.28 to 341.38 m (1,100.0 to 1,120.0 ft).  A

detailed description of the lithologies encountered in the well is provided in Figure 5-2.
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5.2 Well HC-2 Hydrology 
Several elements of hydrologic importance were monitored during and after the completion of the

well.  During drilling operations, two monitoring parameters were consistently compared:

the volume of drilling fluids (water) injected to facilitate drilling and the recorded volumes of fluid

produced as discharge to the surface during the same time.  Figure 5-3 illustrates the relationships

between injected drilling fluids and drilling fluid produced at the surface.  In addition to these

volumetric measurements, all drilling fluids injected into the borehole were tagged with a tracer

solution of Lithium Bromide (LiBr).  The concentration of this solution was monitored on a

regular basis to estimate groundwater production within the borehole.  Table 5-1 illustrates LiBr

concentrations noted in produced fluids.

Water production from the well was minimal; monitoring data and water level recovery data

suggests the well was capable of producing approximately 0.75 to 1.0 gpm (2.8 to 3.8 L/min). 

During several instances, the well was capable of intermittent production on the order of 3.0 to

5.0 gpm (11.4 to 18.9 L/min).  These readings suggest production from perched water zones

along fault or fracture zones.  These zones were of limited impact as their storage capacity was

exhausted, and their contribution to the well decreased.  

Water-level monitoring was conducted during the construction of the well and continued after

completion using transducers set by DRI.  Table 5-2 provides water levels obtained for the term

of IT involvement in PSA field work.

5.3 Well HC-2 Geophysical Surveys
A suite of downhole geophysical surveys was run within the borehole upon completion of drilling

to the TD of 397.15 m (1,303.0 ft) after a phase of well development.  Due to unstable borehole

conditions, geophysical logging was conducted in two separate phases.  The first phase consisted

of logging by both Century and DRI to a depth of approximately 259.08 m (850.0 ft) bgs.  Upon

completion of these logging runs, intermediate casing was installed in the well to a depth of

291.69 m (957.0 ft) bgs.  After casing installation, the well was logged from a point below the

casing to the well’s accessible total depth of 373.08 m (1,224.0 ft) bgs.  The portion of the

borehole from 259.08 to 291.69 m (850.0 to 957.0 ft) was not logged due to obstruction of the

borehole at 259.08 m (850.0 ft) and to the installation of intermediate casing to a depth of

291.69 m (850.0 ft) bgs.

Deviation surveys conducted within the casing and borehole indicate the borehole is deviated

2.7 degrees from vertical in a north-northeast direction.  The deviation of the hole placed the
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bottom of the hole 4.88 m (16.0 ft) north-northeast of the collar and resulted in a true vertical

depth of 369.97 m (1,213.81 ft) bgs.

Table 5-3 provides a summary of the geophysical logs run for the well.  Additional specialized

logging was performed by DRI as part of their scientific work scope.  Figures 5-4 to 5-7 provide

condensed illustrations of log traces for well HC-2.

5.4 Well HC-2 Radiologic Monitoring
Monitoring of discharge effluent from drilling was conducted as specified in the Project Shoal

SSHASP (DOE/NV, 1996b) and the FMP for the Project Shoal Area Offsite Subproject

(DOE/NV, 1996c).  Regular radiological monitoring of discharged drilling effluents, including

both fluids and solids, was conducted by Bechtel Nevada radiation control technicians.  Samples

for further analysis were screened using handheld instruments at the time of collection.  Effluents

were then further analyzed for tritium and other radionuculides using on-site laboratory

monitoring equipment.  Tritium activities from fluid and swiped samples were recorded using a

Packard Liquid Scintillation instrument.  Other radionuculides were analyzed using Canberra

gamma spectroscopy instrumentation.

Well HC-2 effluents were found to contain only natural background levels of tritium and other

radionuculides based on results of field monitoring.  Figure 5-8 is a profile of tritium encountered

in fluids produced from the well.

5.5 Well HC-2 Well Construction
Final construction of Well HC-2 included the drilling of a 30.48-cm (12.0-in.) surface borehole to

a depth of 31.39 m (103 ft).  Conductor casing comprised of 21.91-cm (8.625-in.) carbon steel

was installed in the 30.48-cm (12.0-in.) hole.  Bow type centralizers were placed approximately

1.52 m (5.0 ft) from the bottom of the casing.  Conductor casing was cemented to the surface

using Type II cement with 2 percent calcium chloride as an additive.  An 30.32-cm (8.0-in.)

borehole was drilled to a TD of 397.15 m (1,303.0 ft) bgs beneath the conductor casing.

Intermediate, 13.97-cm (5.50-in.) carbon steel casing was installed in the completed borehole and

set at a depth of 291.08 m (955.0 ft) bgs.  Intermediate casing was installed without centralizers

or cement baskets due to adverse borehole conditions; casing was then suspended on landing

straps secured to the surface conductor casing.  Figure 5-9 provides a schematic view of the final

completion.  The surface completion for the well head is illustrated in Figure 5-10.
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5.6 Well HC-2 Sampling
Samples for analytical analysis were collected from fluids and cuttings as specified in the

Field Instructions for Project Shoal Area Surface and Subsurface Investigation, Churchill

County, Nevada (IT, 1996) and the FMP for the Project Shoal Area Offsites Subproject

(DOE/NV, 1996c).  The sample type and analytical results of these samples are shown in

Tables 5-4 and 5-5.
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6.0 Well HC-3 Summary of Operations

Well HC-3 was drilled to a depth of 397.15 m (1,303.0 ft), between November 3, 1996, and

November 10, 1996.  Eight days were spent drilling and completing the installation of this well. 

Note that the Figures 6-1 through 6-9 and Tables 6-1 through 6-5, cited in the following text, are

located at the end of this section.

Prior to mobilization, all drilling equipment was decontaminated at the on-site decontamination

pad using a combination of steam cleaning and high pressure washing.  Decontaminated

equipment was subjected to radiologic screening prior to mobilization to the drill site.

 

A 30.48-cm (12.0-in.) hole for the surface conductor was drilled using reverse air rotary reverse

circulation techniques and a downhole percussion hammer to a depth of 31.39 m (103.0 ft) bgs. A

21.91-cm (8.625-in.) carbon steel casing was installed in this hole and cemented to the surface

using Type II cement with 2 percent calcium chloride additive.

The main hole was drilled from below the casing point to a TD of 397.15 m (1,303.0 ft) bgs using

a 20.32-cm (8.0-in.) downhole percussion hammer and air rotary reverse circulation techniques. 

Drilling progressed smoothly during the advance of the main hole.  Some short delays resulted

from leaks/washouts of the discharge hose and cyclone; repairs were made quickly; and drilling

resumed.  Drilling parameters for the well are provided in Figure 6-1.  All figures and tables cited

in the text are located at the end of this section.

Upon completion of drilling operations, the well was circulated and developed for a period of

several hours.  No fill was noted after completion of these operations, and the drill pipe was

tripped out of the hole on November 11, 1996, in anticipation of geophysical logging.

Geophysical logging commenced early on November 11, 1996.  The first log run by DRI

encountered a bridge/obstruction at a depth at 165.81 m (544.0 ft) bgs.  DRI removed the

wireline from the hole, and the bridge was removed with a sinker bar.  DRI reentered the borehole

and resumed logging.  A second borehole obstruction was encountered at a depth of 362.71 m

(1,190.0 ft) bgs.  Several unsuccessful attempts were made to remove the obstruction using a

sinker bar.  Beylik tripped back into the hole with a 20.0-cm (7.875-in.) percussion hammer bit to

clear the obstruction.  Circulation was established at 304.8 m (1,000 ft) bgs.  Severe sloughing of

the borehole was experienced in the interval between 329.18 and 335.28 m (1,080.0 and
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1,100.0 ft) bgs, resulting in poor circulation and plugging of the drill bit.  The drilling assembly

was tripped from the hole on November 11, 1996, and converted to conventional/direct

circulation.  In order to facilitate conventional circulation, a second air compressor was placed on

site.  Initial, direct circulation was established at a depth of 1,080 ft (329.81 m) using a mixture of

fresh water and foam.  The well was then circulated and cleaned to TD of 397.15 m (1,303.0 ft)

bgs.  Upon cleaning/circulating the borehole for a short period, the drill pipe was pulled back to a

depth of 365.75 m (1,200.0 ft) bgs to check for sloughing in the well.

The drilling assembly was lowered into the well to the TD of 397.15 m (1,303 ft) bgs, and

attempts to regain circulation were made without success.  The drilling assembly was then tripped

out to a depth of 377.95 m (1,240.0 ft) bgs to make additional attempts to regain circulation. 

After several attempts using foam and fresh water met with limited success, the drilling

subcontractor ran out of foam additive for the drilling fluids.  Continued efforts to circulate using

only fresh water proved unsuccessful.  Sloughing hole conditions resulted in the additional loss of

hole to a depth of 370.33 m (1,215 ft) bgs.  It was determined that the drilling assembly be pulled

from the hole and intermediate casing be set to isolate sloughing portions of the hole.

On November 8, 1996, prior to setting intermediate casing, Century Geophysical completed a

suite of geophysical logs within the unsaturated portions of the borehole to a depth of 311.81 m

(1,023.0 ft) where a bridge prevented further logging.

Intermediate 13.97-cm (5.5-in.) carbon steel casing was set to a depth of 333.57 m (1,094.4 ft)

bgs after completing the unsaturated logging suite.  Water level at the time the casing was set was

recorded at a depth of 330.10 m (1,083.0 ft).  Upon setting of intermediate casing, a sinker bar

was run on the sand line to determine the TD of the well.  The resulting measurement indicated

the well was bridged at a depth of 338.33 m (1,110.0 ft) bgs. 

The hole was reentered on November 8, 1996, with a 11.75-cm (4.625-in.) tricone button bit

using a reverse circulation drilling assembly to attempt to clean out the well to TD.  Several

attempts to clean and circulate to depths below the casing resulted in further sloughing of the

borehole and several plugged drill strings and bits.  Clean out operations were conducted to a

depth of 384.05 m (1,260.0 ft) bgs, at which time it was determined to accept the depth of the

well as the TD.  The drill pipe was pulled from the well, and Century Geophysical attempted to

log to the TD of the well when they encountered a bridge at a depth of 347.78 m (1,141.0 ft) bgs. 

This depth was considered too shallow to allow access to saturated portions of the borehole. 

Several attempts were made to clear the bridge using a sinker bar on a sand line with no
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appreciable progress.  The hole was again reentered with a 11.75-cm (4.625-in.) tricone bit using

reverse circulation.  Several attempts were made to clean out the borehole, resulting in several

episodes of plugging of the drill bit and drill pipe.  On the morning of November 10, 1996, efforts

to clean the borehole were abandoned, and the drill pipe was pulled from the borehole in

preparation for geophysical logging.  The TD of the well recorded by Century Geophysical was

345.98 m (1,135.1 ft) bgs.  The water level noted during logging at this time was 337.11 m

(1,106.0 ft) bgs.  

6.1 Well HC-3 Geology
Well HC-3 principally encountered a fractured, coarse-grained, biotite granite of Cretaceous age

throughout the drilled interval.  Significant fault/fracture zones were apparent over the following

intervals:  161.54 to 170.69 m, 274.32 to 283.46 m, 292.61 to 297.18 m, and 338.33 to 353.57 m

(530.0 to 560.0 ft, 900.0 to 930.0 ft, 960.0 to 975.0 ft, and 1,110.0 to 1,160.0 ft).  No andesite

was noted in the original cuttings collection process; however, andesitic cuttings were noted in

the drilling returns from attempts to clean fill and obstructions from the well.  The occurrence of

these cuttings suggest that thin andesite dikes or dikelets may occur within some of the fault or

fracture zones.  A descriptive lithologic log is provided as Figure 6-2.

 

6.2 Well HC-3 Hydrology 
Several elements of hydrologic importance were monitored during and after the completion of the

well.  During drilling operations, the following two monitoring parameters were consistently

compared:  the volume of drilling fluids (water/foam) injected to facilitate drilling and volumes of

fluid produced as discharge to the surface during the same time.  Figure 6-3 illustrates the

relationships between injected drilling fluids and drilling fluid produced at the surface.  

In addition to these volumetric measurements, all drilling fluids injected into the borehole were

tagged with a tracer solution of LiBr.  The concentration of this solution was monitored on a

regular basis to estimate groundwater production within the borehole.  Figure 6-1 illustrates LiBr

concentrations noted in produced fluids.

Water production from the well was minimal; monitoring data and water level recovery data

suggest the well was capable of producing approximately 2.8 to 3.8 L/min (0.75 to 1.0 gpm).

During several instances, the well was capable of intermittent production on the order of 

11.4 to 18.9 L/min (3.0 to 5.0 gpm).  These readings suggest production from perched water

zones along fault or fracture zones.  These zones were of limited impact as their storage capacities

were exhausted and their contribution to well bore decreased.  
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Water-level monitoring was conducted during the construction of the well and continued after

completion using transducers set by DRI.  Table 6-2 provides water levels obtained for the term

of IT involvement in PSA field work.

6.3 Well HC-3 Geophysical Surveys
Upon completion of drilling to the TD of 397.15 m (1,303.0 ft) and after a session of well

development, a suite of downhole geophysical surveys was run within the borehole.  Due to

unstable borehole conditions geophysical logging was conducted in two phases.  The first phase

consisted of logging by Century Geophysical and DRI to a depth of approximately 311.81 m

(1,023.0 ft) bgs.  Upon completion of these logging runs, intermediate casing was installed in the

well to a depth of 333.57 m (1,094.40 ft) bgs.  After casing installation, the well was logged from

below the casing point to the accessible TD of the well of 345.98 m (1,135.1 ft) bgs.  That

portion of the borehole from 311.81 to 333.57 m (1,023.0 to 1,094.4 ft) bgs was not available for

geophysical logging due to unstable borehole conditions and the resulting installation of

intermediate casing. 

Geophysical logs specified for the saturated portion of the borehole were not conducted due to

the slow recovery of water levels in the well and the short interval of open borehole below the

casing point.

Deviation surveys conducted within the casing and borehole indicate the borehole was deviated

18.1 degrees from vertical in a west-southwest direction.  The deviation of the hole placed the

bottom of the hole 40.08 m (131.5 ft) west-southwest of the collar and resulted in a true vertical

depth of 304.89 m (1,000.30 ft) bgs.

Table 6-3 provides a summary of the geophysical logs run for the well and the corresponding

logged intervals.  Additional specialized logging was performed by DRI as part of their scientific

work scope.  Figures 6-4 to 6-6 provide condensed illustrations of log traces for Well HC-3.

6.4 Well HC-3 Radiologic Monitoring
Monitoring of discharge effluent from drilling was conducted as specified in the Project Shoal

SSHASP (DOE/NV, 1996b) and the FMP for the Project Shoal Area Offsite Subproject

(DOE/NV, 1996c).  Regular radiological monitoring of discharged drilling effluents, including

both fluids and solids, was conducted by Bechtel Nevada radiation control technicians.
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Samples for further on-site lab analysis were screened using handheld instruments at the time of

sample collection.  Effluents were then analyzed for tritium and other radionuclides using on-site

laboratory monitoring equipment.  Tritium activities from fluid and swiped samples were recorded

using a Packard Liquid Scintillation instrument.  Other radionuculides were analyzed using

Canberra gamma spectroscopy instrumentation.

Well HC-3 drilling effluents were found to contain only natural background levels of tritium and

other radionuculides based on results of field monitoring.  Figure 6-7 provides a profile of tritium

encountered from fluids generated during drilling.

6.5 Well HC-3 Well Construction
Construction of Well HC-3 included the drilling of a 30.48-cm (12.0-in.) surface borehole to a

depth of 31.39 m (103.0 ft).  Conductor casing comprised of 21.91-cm (8.625-in.) carbon steel

was installed in the 30.48-cm (12-in.) hole.  Bow-type centralizers were placed approximately

1.52 m (5.0 ft) from the bottom of the casing and then centered at the surface.  Conductor casing

was cemented to the surface using Type II neat cement with 2 percent calcium chloride as an

additive to aid curing time.  A 20.32-cm (8.0-in.) borehole was drilled to a TD of 397.15 m

(1,303.0 ft) bgs from beneath the conductor casing.

Intermediate 13.97-cm (5.50-in.) carbon steel casing was installed in the completed borehole and

set at a depth of 333.57 m (1,094.4 ft) bgs.  Intermediate casing was installed without specified

centralizers or cement baskets due to adverse borehole conditions.  Intermediate casing was

suspended on landing straps secured to the surface conductor casing.  Figure 6-8 provides a

schematic view of the final completion, and the surface completion for the well head is illustrated

in Figure 6-9.



6-6

6.6 Well HC-3 Sampling
Samples for analytical analysis were collected from fluids and cuttings as specified in the Field

Instructions for Project Shoal Area Surface and Subsurface Investigation, Churchill County,

Nevada (IT, 1996) and the FMP for the Project Shoal Area Offsites Subproject

(DOE/NV, 1996c).  The sample type and analytical results of these samples are shown in

Tables 6-4 and 6-5.
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7.0 Well HC-4 Summary of Operations

Well HC-4 was drilled to a depth of 397.15 m (1,303.0 ft) between October 20, 1996, and

October 25, 1996.  Five days were spent drilling and completing the installation of this well.  Note

that Figures 7-1 through 7-10, cited in the following text, are located at the end of this section.

Prior to mobilization, all drilling equipment was decontaminated at the on-site decontamination

pad using a combination of steam cleaning and high pressure washing.  Decontaminated

equipment was subjected to a radiological screening prior to mobilization to the drill site.

 

A 30.48-cm (12.0-in.) hole for the surface conductor was drilled using reverse air rotary reverse

circulation techniques and a 30.48-cm (12-in.) downhole percussion hammer to a depth of

31.39 m (103 ft) bgs.  A 21.91-cm (8.625-in.) carbon steel casing was installed in this hole and

cemented to the surface using Type II cement without the requested 2 percent calcium chloride

additive.  The lack of calcium chloride resulted in an estimated ten additional hours waiting for the

cement to cure.

The main hole was drilled from below the casing point to a TD of 397.15 m (1,303.0 ft) bgs using

a 20.32-cm (8.0-in.) percussion hammer button bit and air rotary reverse circulation techniques. 

Drilling progressed smoothly during the advance of the main hole.  Rates of penetration were

high, ranging from 1.64 to 4.26 minutes per meter (0.5 to 1.3 minutes per foot).  Some short

delays to the drilling progress resulted from leaks/washouts of the discharge hose or cyclone;

repairs were made quickly; and drilling resumed.  Figure 7-1 provides a summary of drilling

parameters for the well.  All figures and tables, cited in the text, are located at the end of this

section.

Upon completion of drilling operations, the well was circulated for a short period of time.  The 

drill pipe was then tripped out of the hole to a depth of 365.76 m (1,200.0 ft).  After waiting for a

period of one hour, the drilling assembly was tripped into the hole to a depth of 397.15 m

(1,303.0 ft) to check for fill.  No fill was encountered.  The drilling assembly was then pulled from

the borehole in preparation for geophysical logging.

Geophysical logging commenced on October 23, 1996, and was completed on October 24, 1996.

Logging proceeded smoothly with all geophysical logging runs conducted to a depth of 394.41 m
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(1,294.0 ft).  The downhole video was completed to a depth of 317.91 m (1,043.0 ft); logging

was not continued below this depth due to the turbidity of the fluid in the borehole.

7.1 Well HC-4 Geology
Well HC-4 encountered a fractured, coarse-grained biotite granite of Cretaceous age throughout

the drilled interval.  Three significant fault/fracture zones were encountered in the well.  The first

was located between 134.11 to 146.30 m (440.0 to 480.0 ft), apparently related to the occurrence

of an aplite dike.  A second, broader fracture zone was encountered in the approximate interval of

243.84 to 274.32 m (800.0 to 900.0 ft); granitic rocks within this zone were also hydrothermally

altered with the development of some clays and pervasive chloritization.  This alteration

assemblage is typical of those recognized along fracture and fault zones intruded by Tertiary-aged

andesite dikes; however, no andesite was noted during the collection of cuttings during drilling

operations.  A lithologic log is provided as Figure 7-2.

7.2 Well HC-4 Hydrology
Several elements of hydrologic importance were monitored during and after the completion of

Well HC-4.  During drilling operations, two monitoring parameters were consistently compared:

the volume of drilling fluids (water/foam) injected to facilitate drilling and volume of fluid

produced as discharge to the surface during the same time.  Figure 7-3 illustrates the relationships

between injected drilling fluids and drilling fluid produced at the surface.

In addition to these volumetric measurements, all drilling fluids injected into the borehole were

tagged with a tracer solution of LiBr.  The concentration of LiBr in solution was monitored on a

regular basis to estimate groundwater production within the borehole.  Table 7-1 lists LiBr

concentrations recorded in produced fluids.

Water production from the well was minimal; monitoring data and water-level recovery data

suggest the well was capable of producing approximately 2.8 to 3.8 L/min (0.75 to 1.0 gpm).

During several instances, the well was capable of intermittent production on the order of

11.4 to 18.8 L/min (3.0 to 5.0 gpm).  These somewhat higher readings suggest groundwater

production from perched water zones along fault or fracture zones.  These zones were of limited

impact as their storage capacities were generally small, and as they were exhausted, their

contribution of water to the well bore decreased.  

Water-level monitoring was conducted during the construction of the well and continued after

completion using transducers set by DRI.  The static water level for Well HC-4 is approximately
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317.20 m (1,040.0 ft) bgs.  Table 7-2 provides water levels obtained for the term of IT

involvement in PSA field work.

7.3 Well HC-4 Geophysical Surveys
Upon completion of drilling to the TD of 397.15 m (1,303.0 ft) and after a short session of

well development, a suite of downhole geophysical surveys was run within the borehole.

Geophysical logging operations were conducted over the period of two days on October 23,

1996, and October 24, 1996.  No operational problems were encountered.

Table 7-3 provides a summary of the geophysical logs run for the well and the corresponding

logged intervals.  Additional, specialized logging was performed by DRI as part of their scientific

work scope.  Figures 7-4 to 7-7 provide condensed illustrations of log traces for Well HC-4.

Deviation surveys conducted within the casing and the open borehole indicate the borehole is

deviated 7.7 degrees vertically in a northeast direction.  The deviation of the hole placed the

bottom of the hole 32.16 m (105.5 ft) northeast of the collar and resulted in a true vertical depth

of 392.65 m (1,288.23 ft) bgs.

7.4 Well HC-4 Radiologic Monitoring
Monitoring of discharge effluent from drilling was conducted as specified in the Project Shoal

SSHASP (DOE/NV, 1996b) and the FMP for the Project Shoal Area Offsite Subproject

(DOE/NV, 1996c).  Regular radiologic monitoring of discharged drilling effluents, including both

fluids and solids, was conducted by Bechtel Nevada radiation control technicians.

Samples for further on-site lab analysis were screened using hand held instruments at the time of

sample collection.  Effluents were further analyzed for tritium and other radionuclides using on-

site laboratory monitoring equipment.  Tritium activities from fluid and swiped samples were

recorded using a Packard Liquid Scintillation instrument.  Other radionuculides were analyzed

using Canberra gamma spectroscopy instrumentation.

Well HC-4 drilling effluents were found to contain only natural background levels of tritium and

other radionuculides based on results of field monitoring.  Figure 7-8 provides a profile of tritium

encountered from fluids generated during drilling.

Radiologic monitoring of Century Geophysical’s downhole geophysical logging tools detected an

elevated alpha count on their Spectral Gamma Ray tool after being removed from the borehole. 
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The tool was swiped again to confirm initial readings; the second readings were approximately 30

percent of initial readings.  The rapid dissipation of activity indicated that readings could be

attributed to naturally occurring radon gases.

7.5 Well HC-4 Construction
Construction of Well HC-4 included the drilling of a 30.48-cm (12.0-in.) surface borehole to a

depth of 31.39 m (103.0 ft).  Conductor casing comprised of 21.91-cm (8.625-in.) carbon steel

was installed in the 30.48-cm (12.0-in.) hole.  Bow-type centralizers were placed approximately

1.52 m (5.0 ft) from the bottom of the casing and then centered at the surface.  The conductor

casing was cemented to the surface using Type II neat cement without the 2 percent calcium

chloride as an additive.

Intermediate 13.97-cm (5.50-in.) carbon steel casing was installed in the completed 20.32-cm

(8-in.) borehole and set at a depth of 308.76 m (1,013.0 ft) bgs.  Intermediate casing was installed

without specified centralizers or cement baskets due to adverse borehole conditions.  Intermediate

casing was suspended on landing straps secured to the surface conductor casing.  Figure 7-9

provides a schematic view of the final completion.  The surface completion for the well head is

illustrated in Figure 7-10.

7.6 Well HC-4 Sampling
Samples for analytical analysis were collected from fluids and cuttings as specified in the

Field Instructions for Project Shoal Area Surface and Subsurface Investigation, Churchill

County, Nevada (IT, 1996) and the FMP for the Project Shoal Area Offsites Subproject

(DOE/NV, 1996c).  The sample type and analytical results of these samples are shown in

Tables 7-4 and 7-5.
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8.0 Fluid Management

8.1 Summary of Fluid Management
Fluid was managed during the Shoal Project through an FMP.  This strategy provided guidance

for the management of fluids generated during well drilling and construction activities.  The FMP

(DOE/NV, 1996c) used a fluid management decision strategy based on process knowledge and

verification of process knowledge through laboratory analyses and field screening methodologies. 

One single-lined and one double-lined sump were constructed at each drill pad.  The single-lined

sumps (Sump #1) were used to contain uncontaminated fluids.  The double-lined sumps (Sump

#2) were built to contain contaminated fluids.  The double-lined sumps were never used.  Tritium

levels in the drilling fluids did not even approach the Nevada Drinking Water Standard (NDWS)

(NRS 445, 1996 and NAC 445A, 1996) of 20,000 picoCuries per liter (pCi/L).  All fluids

generated during drilling of the four wells were analyzed for lead and tritium.  Tritium was

monitored on an hourly basis, while lead was monitored every eight hours.  Tritium was only

detected in background concentrations, and lead results were at nondetectable levels.  A fluid

sample was collected from a sump and sent to an off-site laboratory for analysis at the completion

of drilling operations when fluid from downhole was no longer being discharged into the sump.

8.2 Source Water for Drilling
Source water for drilling came from water supply Well HS-1, located east of the project site in

Fairview Valley.  Water from Well HS-1 was sampled and submitted for analysis by Quanterra

Labs.  The water from this well was found to be below threshold limits for analytes as defined in

the NDWS (NRS 445, 1996 and NAC 445A, 1996).

8.3 Sump Construction
One single-lined and one double-lined sump were constructed at each drill pad according to the

specifications established in the FMP for the Shoal Project Area (DOE/NV, 1996c).  For details

of sump construction, see sump construction diagrams, Figures 8-1 and 8-2, included after the

text.  Each sump that was used to contain fluids also contains a wildlife escape ladder.  The sumps

are completely surrounded with orange construction fencing.  In addition, flagging was strung

across the sumps to discourage birds from landing in the sumps.
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8.4 Disposition of Fluids and Current Status of Sumps
Drilling fluids from Wells HC-1, HC-2, HC-3, and HC-4 were discharged into their respective

sumps:  HC-1 Sump #1, HC-2 Sump #1, HC-3 Sump #1, and HC-4 Sump #1.  When drilling

operations were completed at each well, a composite sample was taken from Sump #1 for

laboratory analysis.  An “ER Fluid Disposition Tracking Form” was also filled out at this time to

track the amount of fluid that was discharged into each sump.  These forms are provided for

reference at the end of this section as Tables 8-1 through 8-4.

A letter dated December 4, 1996, to B. Bangerter (DOE Underground Test Area Subproject

Manager) from P. Gretsky (IT Offsites Project Manager), indicated that all fluid management

results for each of the sumps were below five times the NDWS.  Therefore, the fluids could be

released via overland flow.

At the completion of hydrologic testing and Shoal Mud Pit remediation, all but two of the drilling

sumps were closed.  Approximately 600 gallons of water from the sump at HC-1 were discharged

to the ground or used for dust control.  All but two sumps were closed in place.  One sump

located at HC-3 and one at HC-4 are still used for fluid management during hydrologic testing of

these wells.  The liners were removed from the closed sumps and shipped to the NTS for disposal. 

The cuttings were buried in place and the areas graded.  The sumps associated with HC-3

alternate drilling location were never used and therefore never lined.  These sumps were pushed in

and the area was also graded (IT, 1998).
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9.0 Waste Management

IT was responsible for waste management and environmental compliance at the PSA.  Generated

waste included sanitary waste, hydrocarbon waste, and decontamination rinsate.  Analytical data

for the waste associated with the site characterization project was reviewed to determine its

regulatory status.  The analytical data indicated that the waste is not regulated for hazardous

constituents and is below performance objective criteria for radioactive waste.  Therefore, the

non-liquid waste was disposed of as sanitary waste.  Hydrocarbon waste was disposed of by the

drilling contractor.  Only one 55-gallon drum of decontamination rinsate was generated during the

Shoal Mud Pit characterization and was classified as non-RCRA rinse water.  This drum was

transferred to the Nevada Test Site (NTS) and the contents were disposed of as sanitary waste in

the Area 6 sanitary sewage lagoons.

9.1 NVO-325 Protocols
The Shoal Project was conducted under the protocols of NVO-325 Waste Management

procedures.  NVO-325 (DOE, 1992) is DOE Nevada’s criteria for acceptance of radiological

waste at the NTS and is also designed to prevent the generation of mixed waste.  Therefore, every

product used on the Shoal site had to have an approved Material Safety Data Sheet (MSDS) prior

to being brought to the site.  These approved MSDSs were kept on location in the Shoal Project

office trailer.  

Waste generated during soil and fluid sampling was held pending analysis of associated samples.

Waste items were tagged and labeled to ensure traceability back to the samples.  When the

analytical results for the samples came back below the performance objective criteria, these were 

disposed of as sanitary waste.

9.2 Results of Waste Management Audit
A Waste Management Audit was conducted by IT Corporation Environmental Compliance

Department at the Shoal Project Site on October 4 and 5, 1996.  The Shoal Project successfully

passed this audit with no findings.

9.3 Disposition of Waste
Waste generated as part of sampling activities was disposed of as sanitary waste as the analytical

data indicated that the waste is not regulated for hazardous constituents and is below performance

objective criteria for radioactive waste.  The hydrocarbon waste was disposed of by the drilling
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subcontractor.  The one drum of decontamination rinsate generated during the Shoal Mud Pit

characterization was disposed of as sanitary waste in the Area 6 sewage lagoons at the NTS.
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